It was pointed out recently that supersymmetry can generate flavor-changing gluonic dipole operators with sufficiently large coefficients to dominate the observed value of / . We point out that the same operators contribute to direct CP violation in hyperon decay and can generate a CP violating asymmetry A(Λ 
The origin of CP violation remains one of the outstanding problems in particle physics. Until recently the only observation of CP violation was in the neutral kaon mixing, with a value of ≈ 2.27 × 10 −3 exp(iπ/4) [1, 2] . The KTeV and NA48 collaborations have now reported observations of direct CP violation in the neutral kaon decay amplitudes [3] , with the world average value being Re( / ) = (21.2 ± 4.6) × 10 −4 [4] . Although this result is not inconsistent with the standard model prediction, it can be used to constrain other models of CP violation [5] [6] [7] . In particular, it has been found that there can be large supersymmetric contributions to / [5, 6] . Depending on which new contributions are large, there are different consequences for other processes such as rare kaon decays [8] and hyperon decays.
In this letter we concentrate on the supersymmetric scenario in which the gluonic dipole operators can have large coefficients. In this case there are potentially large contributions to both / [5] and to the CP violating asymmetry A(Λ 
These asymmetries have a very simple form when one neglects the small ∆I = 3/2 amplitude, for example [10] ,
where δ 1 = 6
• , δ 11 = −1.1 • are the final state πN interaction phases for S and P wave amplitudes with I = 1/2, respectively [11] . φ s,p are the corresponding CP violating weak phases. Recent calculations suggest that the strong scattering phases in the Λ 0 π final state of the Ξ decay are small [12] , and, therefore, the current theoretical prejudice is that |A(Λ 0 − )| will dominate the measurement. The standard model prediction for this quantity is around 3 × 10 −5 , albeit with large uncertainty [10, 13] . This suggests that a non-zero measurement by E871 will be an indication for new physics.
A model independent study of new CP violating interactions has shown that A(Λ 0 − ) could be ten times larger than in the standard model and within reach of E871 [14] . A particular example of an operator in which A(Λ 0 − ) can be this large is precisely the gluonic dipole operator [14] . The results of E871, therefore, can have a direct impact on supersymmetric models.
The short distance effective Hamiltonian for the gluonic dipole operator of interest is,
where T r(t a t b ) = δ ab /2, and the Wilson coefficients C g andC g that occur in supersymmetry can be found in the literature [15] , they are
The parameters δ d 12 characterize the mixing in the mass insertion approximation [15] , and x = m 2 g /m 2 q , with mg, mq being the gluino and average squark masses, respectively. The loop function is given by,
Ref. [8] has noted that, in this form, G 0 (1) = −5/18 and the function does not depend strongly on x. The effect of QCD corrections is to multiply the Wilson coefficients by [16] 
To calculate the weak phases we adopt the usual procedure of taking the real part of the amplitudes from experiment and of using a model for the hadronic matrix elements to obtain the imaginary part. We use the MIT bag model matrix elements of Ref. [10, 17] to find for the weak phases
We have introduced the parameters B s and B p to quantify the uncertainty in these matrix elements. We then find, 23 21 500 GeV mg
The matrix element of the gluonic dipole operator of Eq. (2) between two baryon states is calculated with the MIT bag model in Ref. [17] , and we assume that this result is accurate to within factors of two. The Swave hyperon decay amplitude is then obtained by using a soft pion theorem which can have 20 − 30% corrections. The P-wave hyperon decay amplitude is obtained by considering baryon and kaon pole diagrams. A leading order calculation of the dominant, CP conserving, Pwave amplitudes in terms of (octet) baryon poles alone works reasonably well for Λ 0 decays. However, additional contributions are needed to explain the P-waves in other hyperon decays [18] , and the first non-leading corrections to the Λ 0 decay amplitude are large. An example of an additional contribution is the kaon pole, which in Eq. (7) accounts for about 20% of the P-wave phase. To reflect these uncertainties in our numerical analysis we use 0.5 < B s < 2.0, while allowing B p to vary in the range 0.7B s < B p < 1.3B s .
In a general supersymmetric model there are also contributions to the imaginary parts of the Wilson coefficients of four-quark operators. Of these, the dominant contribution to the CP asymmetry in hyperon decays (within the standard model) is due to O 6 [13] . We have checked numerically, that SUSY contributions to C 6 (as well as to C 3,4,5,7 ) are much smaller than those in Eq. (8), for a parameter range similar to that considered in Ref. [15] .
Although the asymmetry A(Λ 0 − ) is due to the same |∆S| = 1 interaction responsible for / , the two observables are qualitatively different. For / , both the ∆I = 1/2 and the ∆I = 3/2 amplitudes are equally important, whereas for A(Λ 0 − ) only the ∆I = 1/2 amplitude is important. In this case, the interference necessary for CP violation takes place between S and P waves within the ∆I = 1/2 transition. This sensitivity to differences between S and P waves accounts for the different coefficients multiplying (δ 
500
GeV mg
To obtain this expression, Ref. [8] uses the K → ππ matrix element from a chiral quark model calculation in Ref. [19] and uses the parameter B G to quantify the hadronic uncertainty. We use the range 0. ) LR . They are the mismatch between the quark mass matrix and left-right masssquared matrix for down-type squarks (we restrict our discussion to the first and second generations). In many theories of flavor with approximate flavor symmetries, the Cabibbo angle originates in the down-quark sector, and we find the mass matrix to be of the form
where a and b are O(1) coefficients and λ is the sine of the Cabibbo angle. The (2,2) element is nothing but the strange quark mass itself (ignoring O(λ 2 ) corrections), and the (1,2) element is fixed by the requirement that the Cabibbo angle is reproduced. The down quark mass is given by
A case of a = 0 and b = −1 naturally reproduces the phenomenologically successful relation λ m d /m s and deserves a special attention. This arises if the off-diagonal elements originate in an anti-symmetric matrix such as in U(2) model [22] . The λ dependence of each element is a consequence of the approximate flavor symmetry, but the constants a and b cannot be determined by symmetry considerations alone and hence are model-dependent. The same approximate flavor symmetry constrains the form of the left-right mass-squared matrix. Therefore, the left-right masssquared matrix for down-type squarks is
where m SUSY is the typical supersymmetry breaking scale which we take to be the same as the down-type squark mass, andã,b,c, andd are O(1) numbers and can be complex. The U(2) model givesb = −c. After diagonalizing the quark mass matrix Eq. (10), the left-right mass-squared matrix becomes
Unless special relations hold between O(1) coefficients, there remain off-diagonal elements which contribute to flavor-changing neutral currents. The mass insertion parameters for s → d transition are defined as
It is amusing that the size of the mass insertion parameters given here generates according to Eq. (9) This is indeed what happens in the U(2) model of flavor [22] . In this case, Im(δ
Therefore, there is no parity violation in the CP-violating part of the operators and hence the contribution to identically vanishes [23] . In this case, the only constraint on the size of A(Λ 0 − ) comes from as we will discuss below.
The operators in Eq. (2) also contribute to through long distance effects and we must check that this contribution is not too large. The simplest long distance contributions arise from π 0 , η and η poles as noted in Ref. [24] . They yield,
In this expression ∆m is the K L −K S mass difference and
GeV 2 is extracted from K → ππ data. We get the matrix element π 0 |H eff |K 0 using the MIT bag model result [17] . Finally, κ quantifies the contributions of the different poles, κ = 1 corresponding to the pion pole. In the model of Ref. [25] κ ∼ 0.2 whereas the contribution of the η alone gives κ ∼ −0.9 [10] . We use 0.2 < |κ| < 1.0 and demand that this long distance contribution to , [26] .
The regions allowed by the three cases discussed above are shown in Fig. 1 . The case a) with LR contribution only is the horizontally-hatched region with the central value shown as a solid line, and the case b) with RL contribution only is the diagonally-hatched region with the central value shown as a solid line. The shaded region at the top is excluded by the constraint, and is particularly important for case c) in which there is no contribution to . It is interesting that the best motivated case c) allows a large asymmetry in hyperon decay. The vertical band shows the world average for / and the region to the right of the band is, therefore, not allowed.
In summary, we have studied the supersymmetric contribution to CP violation in hyperon decays from gluonic dipole operators. We parameterize the hadronic uncertainties with the quantities B G , B s , B p and κ which we allow to vary in reasonable ranges. We constrain the size of the coefficients of the gluonic dipole operators with the observed value of and predict a range for A(Λ 
